ABSTRACT The application of big data in biology has been a hot trend in the research of bioinformatics. High throughput sequencing and large-scale biology network contribute massive valuable data for the complex biology analysis, in which genome-scale metabolic network (GSMN) has become an important tool for the systematic analysis of metabolism in various organisms. We reconstructed a GSMN model based on the high-throughput transcriptome sequencing of Eriocheir sinensis hepatopancreas. The model contains 1471 reactions, 1882 unigenes, and 1400 metabolites distributed in 101 pathways and 11 subsystems. Functional module analysis indicates that the metabolic modules in the network is in consistence with the functions of hepatopancreas for lipid metabolism, amino acid metabolism, and other related metabolic processes. Differential analysis of the hepatopancreas reveals that the eyestalk-ablation has the greatest effect on the lipid metabolism pathway, with a total of 66 related unigenes differentially expressed, which agrees with the functions of the hepatopancreas for nutrient absorption, storage, and utilization. The GSMN supplies a novel dataset of the metabolic information in E.sinensis to facilitate the further analysis of the metabolic mechanism of E.sinensis and other aquatic crustaceans. Besides, it also provides a valuable reference for the studies on regulation mechanism of eyestalk on hepatopancreas in E.sinensis.
I. INTRODUCTION
With the massive data output from high throughput experiment with the representative of genome sequencing, traditional methods of biological research are changing. Application of big data and informatics algorithms on the solution of biological issues has attracted increasing attention [1] - [5] . Based on genome sequencing and enormous annotation data, genome-scale metabolic network reconstruction is developing rapidly [6] - [8] . The genome-scale metabolic network (GSMN) has become an indispensable tool in the research on biological metabolic system, with important applications for metabolic engineering design of pathways [9] , [10] , phenotypic functions analysis [11] , metabolic pathways analysis between different species [12] , the target compounds selection of enzyme engineering [13] , [14] , and drug development [15] , [16] . An important purpose of GSMN reconstruction is to deeply analyze the function of biological metabolic system. Different from the traditional way of biological response analysis, reconstruction of a metabolic network model is the overall understanding of biological networks from the perspective of system, from which to gets more comprehensive and accurate insight into the metabolic system and the interaction between different metabolic processes [17] - [19] . The reconstruction process of a metabolic network mainly contains four parts, namely, data collection, relationship model building, data processing, revision and transformation into mathematical model [20] . Currently, the reconstruction of metabolic network has achieved a certain degree of automation, and hundreds of metabolic networks have been reconstructed, covering microbial, plant, animal, human and other species [21] .
However, studies on the metabolic network of aquatic organisms are still scarce. The Eriocheir sinensis (Chinese mitten crab) is an important economic aquatic animal.
The physiological mechanism of E.sinensis is the popular focus in breeding and research area. Researchers have done a lot of researches on the physiological functions of E.sinensis since 1980s and found some vital organs which are closely related with these functions, in which the hepatopancreas is an organ function on nutrient generation and accumulation [22] . Hepatopancreas is closely related to the growth and metabolic processes [23] , [24] , and the gene expression of hepatopancreas has obvious influence on molting cycle of E.sinensis [25] . The hepatopancreas is found to be the primary tissue acted on by crustacean hyperglycemic hormone (CHH), a neuropeptide synthesized and secreted from the X-organ/sinus gland (XO/SG) complex in the eyestalk [26] . Therefore, the function of hepatopancreas is influenced by the activity of XO/SG in eyestalk [27] . However, the exact regulation mechanism of eyestalk on the function of hepatopancreas is still unclear.
In this work, we reconstructed a genome-scale metabolic network model for the hepatopancreas of E.sinensis based on the results of high throughput transcriptome sequencing, and analyzed the functional modules of the network. With the detection of gene expression in hepatopancreas after eyestalk ablation, the influence of eyestalk ablation on the activities of hepatopancreas was further analyzed, which may provide important clues for the studies on regulation mechanism of eyestalk on hepatopancreas in E.sinensis. This network provides a novel dataset and platform for the further analysis of metabolic systems in E.sinensis and other aquatic crustaceans.
II. METHODS
A. RECONSTRUCTION AND ANALYSIS OF HEPATOPANCREAS GENOME-SCALE METABOLIC NETWORK 1) PRELIMINARY RECONSTRUCTION OF A GENOME-SCALE METABOLIC NETWORK MODEL Unigene information of crab hepatopancreas was obtained by transcriptome sequencing in our previous work [17] . Transcriptome sequencing data contains unigene-KO information. The reaction-KO, enzyme-KO, pathway-KO, pathway-subsystem relationships were downloaded from KEGG database respectively. Subsequently, KEGG Orthology (KO) was used as a bridge to match the unigene information of hepatopancreas with the biochemical information of enzyems, metabolic reactions, pathways and metabolic subsystems in KEGG database. In this way, a genome-scale metabolic network model with unigenereaction-enzyme-pathway-subsystem relationships was preliminary reconstructed.
2) CURATION OF THE NETWORK a: STANDARDIZATION OF CHIRAL METABOLITES
In KEGG database, the same metabolite with different chirality is assigned with different compound IDs, which will cause confusion in the computational calculation. Therefore, the chiral molecules need to be standardized according to the specific situation of each organism. For example, glucose molecules have three forms in the database: D-glucose (C00031), α-D glucose (C00267) and β-Dglucose (C00221), where D-glucose is the generic name for glucose. Because type alpha is the predominant form of most carbohydrate in biological organisms, glucose in the network is unified as α-D-glucose in order to avoid confusion in the simulations.
b: GAP FILLING
Due to the presence of terminal metabolites in the reaction list, which are either produced or consumed, the network was fractured, and it causes the unbalanced flux distribution. We used the method based on weakly connected component (WCC) [11] , [12] to fill the gaps in the network. First of all, the reactions included in KEGG reaction list but not in the preliminary reconstructed network were selected as candidate reaction set. Secondly, base on the theory of graph theory [10] , [22] , [26] , the network was converted to a reaction graph which takes reactions as nodes and metabolites as edges. The direction of edge was determined according to the direction of the metabolic flux. In this way, the metabolic network was divided into a number of WCCs. Finally, the candidate reaction set was thoroughly searched for the reactions that can be used to link different WCCs and the resulted reactions were identified as gap filling reactions.
In order to fill the gaps in the network to the maximum extent, gap filling was carried out in two ways: pathwayscale [12] and global-scale [11] , respectively. The combination of two methods fills the gaps in both the interior of each pathway and the global network to reduce the number of terminal metabolites and WCCs in the whole network.
c: CELLULAR COMPARTMENT
Depending on different cellular locations, all metabolites are divided into two types, intracellular metabolites and extracellular metabolites. If all the metabolites involved in the reaction were intracellular metabolites, the reaction took place within the cell, and its location was marked as [c] . Similarly, if all the involved metabolites located in extracellular, the reaction occurred extracellularly and its location was marked as [e].
d: ADD TRANSFER REACTIONS
Most of the metabolic reactions in the preliminary reconstructed network occurred intracellularly. While organisms constantly exchange materials with the extracellular environment, absorp and utilize the nutrients and discharg the wastes, so the transfer reactions are also needed. We added two types of transfer reactions into the network: transport reaction and exchange reaction.
The transport reaction contains both intracellular and extracellular metabolites. It is usually represented as: Metabolite A[c] <==> Metabolite A[e]. Exchange reactions are extracellular reactions, which is usually described as: Metabolite A[e] <==>. With the addition of transport and exchange reactions, the natural constraints can be transformed into constraint conditions of simulation to make the simulated growth phenotype close to the actual phenotype. Transfer reactions were usually added empirically with no strict standard rules. In mathematical modeling, a complete mathematical model is composed of the internal model subject and boundary conditions. For the genomescale metabolic network, the intracellular metabolic reaction set is the internal model subject, and the transfer reactions are the boundary conditions.
e: SET THE REACTION BOUNDARY
In this work, the limits of the flux for all intracellular reactions were set to be no more than 1000 mmolgDW −1 h −1 and no less than −1000 mmolgDW −1 h −1 . The boundary of reversible reactions was set to be (-1000, 1000) mmolgDW −1 h −1 [27] , and that for irreversible reactions is (0, 1000) mmolgDW −1 h −1 . The transport reactions were set to be (−1000, 1000) mmolgDW −1 h −1 . The exchange reactions for nutrient absorption were set to be (−5, 1000) mmolgDW −1 h −1 . For the temporarily added exchange reactions that contain nonessential amino acids which can be synthesized by E.sinensis, the boundary were set to be (0, 1000) mmolgDW −1 h −1 . Finally, the network was converted into SBML (Systems Biology Markup Language)-formatted document for the simulations.
3) CURATION WITH NETWORK SIMULATION
To test whether the reconstructed network can correctly reflect the metabolic processes of organisms, COBRA toolbox [28] was used to analyze the synthetic abilities of 10 non-essential amino acids (alanine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, proline, serine and tyrosine ) in E.sinensis [29] - [32] . The basic idea is that if a non-essential amino acid cannot be synthesized in the simulation (flux equals to 0) when the exchange reaction of the non-essential amino acid was set to be the objective function, it means the network is defective by missing one or more related reactions. The missing reaction(s) can be found by backtracking related synthetic pathways of amino acids in databases or literatures. After adding the missed reaction(s), the accuracy and the synthetic ability of the model can be verified by recalculating the production of the amino acid.
4) NETWORK DECOMPOSITION
In studying the topological features of metabolic networks, we can ignore the direction of the reaction and convert the network into an undirected graph to explore the relationship between structure and function. Network decomposition in this work is based on the combination of dendrogram and modularity [33] , [34] . It contains three steps:
(a) The network is transformed into a reaction graph. Currency metabolites such as ATP, ADP, NADH, NAD + , H 2 O, and H + , which are generally only transfer carriers of electron or some functional group and participate in a large number of reactions but not directly participated in product synthesis [35] , were removed from the reactions. With the removal of currency metabolites, the transformation of the major metabolites was shown to reveal more biological significance. Because we aimed to take the degree of aggregation in the network as the research object, we firstly transformed the network into a non-directional reaction network and divided it into WCCs by python program based on the topological characteristics of the network. Then the dendrogram of WCCs was drawn with the Average/UPGMA (unweighted pair-group method with arithmetic means) Algorithm. Subsequently, the dendrogram was traversed downwards from root to each branch to identify the proper modules. A threshold 50 for the maximal size of modules was set. When a branch of the tree contains the number of leaves less than the threshold, it was output as a module. In this way, the network was initially decomposed.
(b) The preliminary clustering result always contains some modules which are too small to form an independent biological function. Therefore an optimization was needed to combine those small modules into larger ones. Firstly, the maximal size of small modules is set to be 10. Then we searched all the other modules with larger size in the preliminary clustering result to find a proper module which can be combined with the small one. Generally, the module with most boundary edges with the small one was identified as the proper module. Whereas when a small module connected to two or more modules with the same boundary edges, it was combined with the one with smaller/smallest nodes. As a result, all the small modules with their sizes smaller than the threshold were combined with other modules.
(c) Optimization of the network modularity. For each module (module A), when it is combined with one of its connected module, the modularity change ( Q) of the network was defined as following [36] :
In which e ij is one-half of the fraction of edges in the network that connect vertices in module i to those in module j. a i is the fraction of all ends of edges that are attached to vertices in group i. We can calculate a i straight forwardly by noting that a i = j e ij . The Q of module A and each of its connected modules were calculated respectively. The module with largest positive Q was considered to be the best candidate (module B) that can be combined with module A. Then module A and B were combined. After each combination, a new module list was created and the search restarts from the very beginning again. A threshold for the final number of modules can be set freely as the end of this step. Otherwise the iteration will be executed successively until the number of modules decreased to be 1. In this step we generated a series of decompositions with different number of modules and choose decomposition with the maximal modularity as the best result. VOLUME 6, 2018
B. DETECTION OF DIFFERENTIALLY EXPRESSED UNIGENES IN HEPATOPANCREAS
The crabs obtained from aquatic farm were firstly cultured in the laboratory holding in fresh water at 18-20 • for 3-5 days. Subsequently sixty healthy crabs (body weight 5-6 g), with good vitality, were randomly selected and equally divided into two groups. The eyestalk of experimental group (D1) was ablated and the hepatopancreas was taken for sequencing 48 hours later. The control group (D0) was not treated. The total RNA from hepatopancreas was extracted by TRIzol method (Invitrogen, USA), and the cDNA was then synthesized using superScript III first-strand synthesis system (Invitrogen, USA) to construct the cDNA library. Subsequently the cDNA library was sequenced using Illumina HiSeq TM 2000. Two criterions, P-value < 0.05 and |log2 Ratio(D1/D0)| >1, were used to screen the differentially expressed unigenes.
III. RESULTS AND DISSCUSSION

A. PRELIMINARY RECONSTRUCTION OF THE HEPATOPANCREAS NETWORK
The unigene-KO relationship of E.sinensis was obtained from the mRNA expression data [17] . In all of the 41147 unigenes in hepatopancreas, 11885 unigenes have related KO information.
We first used the KEGG ligand database to generate a reaction list. KEGG database supplied a KO number to indicate the relationship among enzyme, pathway and reactions. The enzyme and reaction with the same KO number were related, so does the pathways. Therefore, with KO number as a bridge, the relationships of reaction-enzyme-pathway were collected. For a reaction corresponding to multiple metabolic pathways, in order to fill the gap in network, we took one of the major metabolic pathways. Therefore, a reaction corresponded to only one metabolic pathway. In this way, totally 6026 reactions with enzyme and pathway information were obtained from KEGG database.
We matched the unigenes in E.sinensiswith the reactions in KEGG database taking KO as a bridge. In all 11885 unigenes with KO number, only 1664 can be matched to related reactions. It means only small part of genes in E.sinensis participated in the metabolism. Most genes may be involved in the regulation, transcription or other biological functions. It is a common situation in eukaryotic organisms, for example, human metabolic network contains 2322 genes, which takes only 19% of all the genes in human genome [37] . Saccharomyces cerevisiae metabolic network iMM904 contains 904 genes, which takes about 16% of all the genes in S. cerevisiaegenome [38] .
The preliminary reconstruction of the network contained many WCCs which indicated that there were still many gaps in the network causing the reactions unconnected. The gaps in network were filled in two ways. The gaps inside a pathway were found with the method described in [12] , and the gaps in the global network between different pathways were identified by the method mentioned in [11] . Finally, 230 gaps were identified and filled, of which 166 were filled based on pathway scale and 64 based on global scale. In the gap filling based on global scale, two reactions (R05287 and R08618) were found in new pathways, and then their pathways were revised to be the same with their upstream and downstream reactions. After gap filling the number of reactions increased to 1413.
Besides, for the 20 basic amino acids, 19 amino acids have relationship with tRNA ligase sysnthesis reaction. In order to improve the utilization of amino acids, the tRNA ligase sysnthesis reaction (R03651) was added according to KEGG database.
The transport and exchange reactions of the 20 amino acids were added for the convenience of nutrient substance absorption. According to literature [29] , there are 10 essential amino acids (alanine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, proline, serine and tyrosine) in E.sinensis. Therefore, the lower bounds of the transport and exchange reactions for these amino acids were set to be
The transport and exchange reactions of alpha-D-glucose were also added for improving the metabolic process of carbohydrate intake from feed. Reaction ''R02625: ATP + Protein histidine <=> ADP + Protein N(pi)-phospho-Lhistidine'' was added for the balance of protein histidine and protein N(pi)-phospho-L-histidine needed in the carbohydrate transport. Furthermore, the transport and exchange reactions for microelements (Mg 2+ , Fe 3+ , K + , Ca 2+ [39] ) and H 2 O which need to be absorbed from the feedstuff and environment were also added. Finally, the model contains 1467 reactions. Subsequently, we revised the reaction equations based on the information provided by the KEGG database. If the substrates and products in the whole equation and main equation are in the opposite way, we exchanged the substrate and products in the whole equation to make them in consistence.
B. REVISION BASED ON SIMULATION
In order to improve the quality of the reconstructed network, we tested the synthesis capability of non-essential amino acids with the network. We temporarily added the transport and exchange reactions for 10 non-essential amino acids mentioned previously and tested their synthesis capability. The exchange reactions of related amino acids were considered as the objective function and the flux distribution of the network was calculated with flux balance analysis. We found that in all the non-essential amino acids, asparagine and cysteine were not able to be successfully synthesized. We further checked the synthesis routes of these two amino acids, and found that in the asparagine synthesis pathway, asparagine is produced from aspartate with the catalysis of asparagine synthase, but the asparagine synthase reaction (R00483) is missing in the reconstructed network. With this reaction, the asparagines can be synthesized. Therefore we added R00483 into the network. For cysteine, the abnormal synthesis of cysteine is caused by the defect in sulfur metabolism. The reaction producing hydrogen sulfide from sulfite was missing. Therefore, we added the hydrogen sulfide synthesis reaction R00858 according to KEGG database. In addition, as sulfate is commonly an important nutrient substance for most organisms, we also added the transport and exchange reactions for sulfate uptaking. With the addition of above three reactions, cysteine can be successfully produced. Finally, the scale of the reconstructed model extended to be 1471 reactions and 1400 metabolites (supplementary file 1). The characteristics of the model were shown in Table 1 . 
C. TOPOLOGY ANALYSIS OF NETWORK FEATURES
The reaction relationships were extracted from the network to draw a reaction graph for the whole network. The transport and exchange reactions were removed, and some reactions with no main reaction or the main reaction contains only currency metabolites were also ignored. Therefore, the number of reactions in the extracted reaction graph for topology analysis was less than the total number of reactions in the network. The network topology features of the whole reaction network were shown in Table 2 . There are 991 reactions in the largest WCC, accounting for 73.8% of the global network.
We found that the crab hepatopancreas metabolic network exhibits bow-tie topology structure, which is consistent with the conclusion that bow-tie pattern is present at different levels and scales, and in different chemical and spatial units of metabolic networks [40] . As reported in the earlier studies, the bow-tie structure describes the organization pattern of a metabolic system in which there are multiple inputs and outputs being connected through a conserved processing core [41] , [42] . GSC is the most tightly connected and most robust part of the network with multiple routes between any pair of nodes. As a subsystem, hepatopancreas has relatively independent functions and also needs to exchange materials and information with other subsystems. The tissue specific networks have higher proportion of GSC compared with the proportion of IN & OUT nodes, which indicates that hepatopancreas has strong resistance to mutation or perturbation. We further checked the clustering coefficient for hepatopancreas network and compared it with random graphs with the same number of nodes and edges. We found that the hepatopancreas network is much more highly clustered than equally sparse random graphs, indicating that hepatopancreas metabolic network is a small-world network [43] . This feature was considered to enable metabolism response rapidly to perturbations in enzyme or metabolite concentrations, thus the cell may react quickly to environmental changes [44] , [45] . However, there are also criticisms on roughly transposing the small-world property onto the metabolic network, because that metabolic networks are not so robust to random deletions of nodes [46] . The function of smallworld features in reflecting significant biological properties of metabolic network is still a questionable issue that needs to be further investigated.
D. FUNCTIONAL ORGANIZATION OF HEPATOPANCREAS METABOLIC NETWORK REVEALED BY MODULE ANALYSIS
Reactions distributed in different pathways or subsystems are not isolated from the other part of the metabolic system. Instead, a metabolic function is usually achieved by the combined effect of several pathways or subsystems. Therefore the classification of pathways or subsystems is not sufficient enough to reflect the functions of a metabolic system. Moreover, the reorganization of reactions and pathways may potentially supply a new possible way of the metabolic flow. It may supply more effective routes for the synthesis of some target metabolites. To investigate the functional organization of hepatopancreas metabolic network, we decomposed the metabolic network into relatively independent modules and the functions of the modules were analyzed. VOLUME 6, 2018 Through the module decomposition, the largest WCC of the hepatopancrea metabolic network is divided into 24 modules (supplementary file 2). As shown in Fig. 1 , the main functions of hepatopancreas include the basic metabolic pathways of amino acid metabolism, carbohydrate metabolism, nucleic acid metabolism and lipid metabolism. This result is consistent with the functions of hepatopancreas as a tissue for nutrient absorption, storage and utilization [47] . Almost half of the 24 modules are mainly composed of one metabolic function, and reactions in one subsystem may exist in multiple modules, indicating that the functions of the modules are relatively independent and interrelated. The same module contains different metabolic pathways indicate that the same metabolic function may be accomplished by multiple pathways. For example, module 1 is mainly about function of geraniol and leucine degradation, in which the geraniol degradation product 3-methyl crotonyl CoA is an important intermediate metabolite of leucine degradation [48] . Module 7 is mainly about cyano amino acid, alanine and glutamate metabolism, in which cyano amino acids can be converted to alanine and glutamate. Module 15 is mainly on purine metabolism and caffeine metabolism, and caffeine can be converted into xanthine and further degradated to xanthosine in purine metabolism, which is an important metabolite for caffeine synthesis [49] . The glycolytic pathway in modules 16 and 20 is related to the metabolism of various carbohydrates such as starch, sucrose, aminosaccharide and ribose. The reason for this is that most of the carbohydrates need to be converted into glucose before they can be used by organisms as important intermediate metabolites and energy. Module 24 contains multiple pathways of glycolysis, pyruvate metabolism, valine, leucine and isoleucine metabolism taking the tricarboxylic acid cycle as the core, which is consistent with the product diversity of the tricarboxylic acid cycle [50] . Some amino acids can transform into each other or share an important intermediate metabolite together in the metabolic process, thus forming a functional module. Such as cysteine, methionine, glycine, serine and threonine in module 17, and arginine, proline, alanine, aspartate and glutamate metabolism in module 23. Network module division and metabolic functions were shown in Table 3 . Compared with the algorithms based only on dendrogram, our method reflects better modularity. While compared with the algorithms based only on modularity, our method costs little computational complexity and hierarchical structure of the decomposed network.
In intracellular metabolism, exogenous nutrients are first broken down into primary metabolites and then synthesized into 12 common precursors such as glucose-6-phosphate, fructose-6-phosphate, phosphoenolpyruvate, pyruvate etc. These precursors are then used in the synthesis of key components of cells such as amino acids, nucleotides, fatty acids and sugars (Fig. 2) . In order to verify the basic metabolic function of hepatopancreas genome-scale metabolic network model, the synthesis of 12 common precursors was analyzed. It shows that all 12 precursors can be found in the network, mainly in three modules, half of which is in module 20, whose main function is glucose metabolism. The TCA cycle is distributed in two modules, Module 23 and Module 24, which is consistent with the diversity of the TCA pathway. In addition to the common precursors, module 24 also contains macromolecules such as aspartic acid and asparagine synthesized by these precursors. These analysis shows that the hepatopancreas has the ability to synthesize common precursors and key substances. 
E. MODULE ANALYSIS OF DIFFERENTIALLY EXPRESSED UNIGENES
By comparing the group D0 (control group) with group D1 (eyestalk ablation group), 1417 differentially expressed unigenes were obtained, of which 106 were found in the reconstructed metabolic network model. The results of the gene expression experiment were shown in Table 4 . In the 106 reaction-related unigenes differentially expressed in group D1, 96 were in the biggest WCC. Metabolic differences in amino acid metabolism mainly occur in module 17 (mainly amino acid metabolism and xenobiotic degradation) and module 24 (mainly amino acid metabolism, carbohydrate metabolism and lipid metabolism); differences in glucose metabolism are reflected in module 16, module 20 (Mainly glucose metabolism) and Module 24 (mainly amino acid metabolism, carbohydrate metabolism and lipid metabolism); lipid metabolism differential responses exist in modules 8 and 12 (all for lipid metabolism); cofactors and vitamin metabolism differences are mainly in modules 18 (mainly nucleic acid metabolism) and 23 (mainly cofactors and vitamin metabolism); metabolic differences in nucleic acids are reflected in modules 15, 18 and 21 (mainly nucleic acid metabolism). Detailed results were shown in Fig. 3 . XO-SG is considered to be neuroendocrine regulation center of the E.sinensis eyestalk. The ablation of the eyestalk loses the regulation of many important hormones and affects the metabolism of nutrients executed by hepatopancreas. The most obvious ones are lipid metabolism (66 reactions, of which 43 are located in the biggest WCC), carbohydrate metabolism (30 reactions, all in the biggest WCC) and nucleic acid metabolism (22 reactions, all in the biggest WCC). The most seriously affected pathway is fatty acid biosynthesis, in which all the related unigenes were up-regulated. The role of CHH secretion in the hormone handle is to regulate glucose metabolism, and thus a greater impact on carbohydrate metabolism with starch and sucrose metabolism most seriously influenced. In addition, it has been reported that the regulation of MIH is closely related to intracellular concentrations of cAMP, GTP and other nucleotides [51] . Therefore, nucleotide metabolism is also greatly affected by the eyestalk ablation. In the amino acid metabolism, cysteine, methionine, glutathione, tyrosine, glycine, serine and threonine related reactions were affected and down-regulated compared with that before eyestalk ablation. Therefore, it is speculated that the hormones secreted by eyestalk may play an important role in the regulation of amino acids metabolism.
IV. CONCLUSION
The high throughput sequencing data has been applied for the reconstruction of the genome-scale metabolic networks for various organisms. In recent years, many advanced informatics algorithms were developed which can be extended to apply to the analysis of biological dataset [52] - [54] . These novel algorithms facilitate the further exploration of the information hidden in the massive biological data. The development of new bioinformatics tools based on the novel algorithms becomes an important trend in bioinformatics research. In this work we reconstructed the first GSMN for E.sinensis hepatopancreas and validated the network with simulation of nonessential amino acids. Module analysis reflects the main function of hepatopancreas and the potential connection among different metabolic pathways in hepatopancreas. In addition, the distribution of differentially expressed unigene in different modules indicates that the fatty acid biosynthesis, starch and sucrose metabolism are the most seriously influenced metabolic processes by eyestalk ablation. The GSMN supplied an important dataset and platform VOLUME 6, 2018 for the further research on metabolic mechanism and the 
